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The Tumlin Sandstone (Holy Cross Mts, 
Central Poland): Lower Triassic deposits 

of aeolian dunes and interdune areas 

ABSTRACT: Recognition of the Lower Triassic sedimentary environment of the 
Tumlin Sandstone (Holy Cross Mts, Central . Poland) has been based mainly on 
sedimenJtary features observed in large quarry exposures. T,he Tumlin Sandstone, 
c 100 m thick, is characterized ,by a very large-scale hi~-angle cross-stratifica­
tion which is thought to have been Wl'Iffied on lee-slopes 0[ aeolian dunes, mainly 
as a result of a gradnfall process. The cross-strata usually pass downdip into 
sub horizontal, laminated depOSit's ac.cumulated over the interdune area. These 
deposits ctmtain in places subordinary intercalations formed by ephemeral waters, 
bOlth flowing (lenses of 'stTUciureless sandstones) and stagnant (mudstone layers). 
The CI'oss-stratified sandstones with the underlying subhorizontal deposits form, 
as a rule, thick layers separatted by exteIllSive erosilOnal boualdiIllg surfaces that 
are subhorirontal, and sligthly concave upward over a considerable distance. Their 
windward 'Parts usually display a wide scoop-like forms resultant from a wind 
eI'osion; the details of its formation remain however unclear .. The sedimentary 
environment of the Tumlin SaIllClstone is to be regaroed as a field of transversal 
dunes . migrating northward due toO prevailing unidirectional winds. '11his field 
occupied part of a midcontinental basin situated at the axis ,of the maximum 

subsidence 'Of the Danish-Polish Trough. 

INTRODUCTION 

The Tumlin Sandstone :is chaxacter~ed by a very larg,e-scale cross­
-stratifica1liOlll whioh mak,eg it readily distinguri.shable Lrom other Lower 
Triassic (BuntsandStein) sediments exposed over the Mesozoic margins 
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of the Holy Cross Mts, Central Poland. For many years this feature 
has provdked :much 1ntex·est in the sedimentary conditions of this unit, 
but Ilk> detailed· IDvestigations have as yet ;been specifical[y unde.rtak€!I1. 
P8IWlica (1920) an ,cijscussion of the heavy minerals assemblag~ was the 
first to suggest' an ae01i:an origIin of the TUlml:in Sandstone. Senkowi­
czowa ~ 8lqczkia. (1962, p. 323) oexnsidel'ed. the deposits as probably 
delt.a1c, but they also admitted that a Voery larg.e-:scale cross-stratifica­
tiro might have been formed :in coostal dUJIles. However, in the foHow­
ing years 8lqczka & ROInieWlicz (1971) expressed an opinion. that the 
Tumm SandstOlne exposed tin the Ciosowa qU8l'ry had been laid down 
by flowrlng ·water. Taking accOunt of the measured dipS of crosIS-laminae 
and the cbJaracteTistics of cross-stratifi·ed units, Gqgol & Karpiniec (1974, 
p. 449) concluded that most IOf the sedimen:tological premisses indicate 
its aeoLian orli.gin. 

The diverg,ent opinions presented abov·e dncited the present authors 
to detaii[ed sedimentologioal dnvestigations of the Tumlin Sandstone. 
Most of the field work was ca:rTied out in 1975-1976 a:rld the preliminary 
r€SUlts were presented (Gqgol 1976) at the 48th AlllIlual Meeting of 
the Geological Society of Poland. 

1111 this paper the authors present the evidence of the aoolian ' origin 
of the Tuinlin . Sandstone; the origin . of the very . large-scale cross­
-stratifioatiori is attributed to the deposition on lee sloPe~ 'of dunes. 
WateT..Ilaid deposits are of minar importance, and they occur sporadically 
among the wind-blown deposits of the interdune areas. 
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siorowSiki, Dr. G. Haczewski, Dr. S. Kwiatkowski, Dr. S. J . Por~bski, and Dr. 
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extended to Dr. E. Piekarska and M. Kuleta, M.Sc., for their significant contribu­
tiOlD an petrography of the sandistones. Special credit must be given to M. Doctor, 
M.Sc., for his heLp in taking phot{)s of the thin sections ' and specimens. 

GEOLOGICAL SETTING 

The sedli.m€!I1ts described in the ·present study as the Tumlin 
Sandstone make up the upper part of the informal .lithostratigraphic 
unit, distinguished by SenlrowiCl2'JOlWa & 8lqczka (1962), named the 
Tumlin Beds and assigned to the iowe.rmost pa!rt of the Middle 
Buntsandstein (see Senikowiozowa 1970, 1973). 

The pre-RhOt Lower Triassi<: deposits in t'he north-western margin of the 
Holy Cross Mountains are mainly sandstones and mudstones. Their , thickness 
attains to 1000 m. The exposures of the Tumlin Sandstone. are limited to a relativ­
ely short and narrow latitudinal belt; good exposures which permit a detailed 
investigation of the sedimentary features are accessible only "in the five big 
quarries: Sosnowica, Tunilin-Pieni~zna, TumJin-Gr6d, Wykieil., and Ciosowa (see 
Text-fig. 1). It should be stressed that the method of stone exploitation used in 
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the quarries (splitting off large plates without explosives) is well suited for the 
examination of stratification surfaces and . of bounding surfaces which ~parate 
individual sedimentary units, as well as of vert,ical cross-sections which are 
visible on the eXlpOsed walls. (cf. PIs 1-4). 
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Fig. 1. Sketch maps showing general geological setting (A) and location of in­
vestigated quarries {B) 

Map A: 1 - Palaeozok rocks of the Holy CroSls Mts; 2 --'- Lower Triassic rocks 
Map B: 1 - as in map A; 2 - Tumlin Sandstone; 3 - Buntsandstein rocks other 

than the Tumlin Sandstone; 4 - quarries 

The thickness of .the Tumlin Sandstone amounts at least to 60 m · in the 
investigated zone. Its lower and upper ,boundaries cannot be observed due to 
~he spatial distribution and character of the exposures. The regional geological 
investigations indicate (see Senkowicwwa &Slqczka 1£'62; Senkowiczowa 1970. 
1973) that the Tumlin Sandstone is underlain by a sedimentary oomplex about 
300 m thick, devoid of fossils and consisting of sandstones and mudstones with 
sporadically dispersed crystals of gypsum, anhydrite and dolomite, and with 
intercalations of gravels. A 90 m thi.ck complex of fine-grained sandstones, mud­
stones and oCilaystones overlies the Tumlin Sandstone, and such fossils as Gervillea 
murchisoni, Estheria Sip. , and fish remnants were found in its upper part. 

The data obtained from the borehole Radoszyce (Dembowska 1957) situated 
25 km NW from Tumlin (see Text-fig. 1) demonstrate that the Tumlin Sandstone 
extends beneath the surface, and it attains the thi'ckness of 105 m. Rocks of 
that type have been found neither in exposures nor in bor.eholes in the north.,. 
-eastern and south-western margins of the Holy Cross Mountains (cf. Samsono­
wicz 1929; SenkowLczowa & Slqczka 1962; Senkowiczowa 1970, 1973). 

Within the area under investigation the Tumlin Sandstone has diverse tectonic 
dips. The analysis of some of the bounding surfa·ces and beds, which were as­
sumed to be horiwntal ·at the time,of deposition, permitted determination of the 
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dip angle in ' respective quarries as follows: Sosnowica - 18/11 (direction of dip 
and angle of dip, both val\re.S in degrees), Tumlin-PieniElzna - 340/10, Tumlin­
-Gr6d - no tilt, Wy>kien - nQ ti1t(?), Ciosowa - 10/10. It should be stressed, 
however, that due to difficulties in precise determination of the originally level 
surface, the values denoting the dip angle may be erroneous ± 2°. 

GENERAL LITHOLOGY 

The rocks exposed in investi'gated quarries are almost exclusively medium­
and fine-grained samstones, mostly laminated. Subordina.tely they contain 
lentiCular intercaAatiOOls practically devoid of stratificatIon, called further in this 
paper "the structureless sandstones". Mudstones occur only ,occasionally as not 
extensive and invariably very thin intercalations. 

The dominating sedimentary structure is the very large-scale cross-stratifica­
tion; its cross-strata are often of a high-angle type. There are some layers, 
hawever, where a sub\horizontal stratification prevails, many of them pas'sing 
upwards into very large-scale cross-stratified uniJts. Bounding surfaces are com­
mon, both diversely inclined and sUibooriZ<lIltarl ones. 

Two important sedimentary assocLations can be distinguished in the Tumlin 
Sandstone if we a'ccept as a criJtel'!iOOl the inclination 'of depositliona'l surfaces to 
an originally level plane. The .first of them, association A, is composed of de­
posits characterized by ,high, moderate and partly low angles of dip; The other, 
association B, includes the remaining deposits, i.e. those with horizontal and very 
gently inclined, stratification. As both associations pass into each other, . their 
boundaries often must ·be determined ·aI'1bitrarily. Association A is represented 
by laminated sarndstones only, while a'ssociation B includes lenses of strudureless 
sands tones anid mudst,one intercalations. As regaIlds details, types of stratification 
of the latter association are much IIWre diversified. Also the grain-size distribution 
in association B is' more varied. Association B generally contains more pelitic 
material which is accurmulated in tihe form tOf extremely thin coatings on the 
sUI'1face af sandy laminae or, sporadically, it is individuaUzed as discrete laminae 
rarely' attaining a few millimetres in thickness. T·he laminae are usually discon­
tinous; they :liorm drapes within wave 'dpples tOr are preserved as flakes. 

Most sandstones are red; their hue falls under the groups 5 R, 10 R, 5 YR, the lightness 
usually ranges from 4 to 6, and the saturation oscillates between 2 and 4 (cf. Godward 
1970); the colours 5 R 414 and 5 R 712 are dominating, darker lamina.e being usually 5 R 3/4; 
mundstones are mostly reddish-brown (10 R 3/~. 

PETROGRAPHIC DESCRIPTION 

The sandstones consist of mono ... am in less quantities of rpolycrystal quartz 
(79-88'1/0); 110ck fragments .occur only sporadically and are represented by mud­
stones, quartzitic sandstones and siliceous rocks . . Feldspars, usually strongly 
weathered, and mkas occur in minute quantities (O.'JO/o tOn an average), mostly in 
deposits of associa>tion B. The ground mass 'occurs in the fGrm of cement and 
matrix; it consists of quartz ·overgrowths and clayey-ferruginous binding mass 
(6----1211/0). I,ron o~ides are dispersed in the matrix and form minute ooatJngs on 
quartz grains ,on the inner side Qf quartz overgrowths. The average content of 
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Fe203 is 1.07%. The content of carbonates is characteristically SIlllgll: CaO - 0.05%, 
MgO - 0.220/t. 

The heavy mineral assemblage (Pawlica 1920) consists of apatite, tourmaline. basaltic 
amphibole, zoisite, and of smaller quantities of zircon, ru~ile, . amphibole, hyperstene, garnet, 
magnetite and ilmenite. All grains of heavy minerals are Well rounded. 

TEXTURE 

The grain-.sizedistribution was amalysed using photogi-aphs of thin 
sections. Two hundred gxains were measured in every thin section. 

The sands tones" are medium- or fine-grained, moderately or moderately well 
sorted (Table 1 and Text-fig 2). Grains of diameter: 2-3 mm are rare and occur 
in rocks of the association B only; this associ.atiorn has also a higher percentage 
of grains smaller than the sand size. . 
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A - sandstones of association A; B-1 - laminated sand stones of association B; 
B-2 - structureless sandstones of association B; Measurements in thin section, 

cf. Table 1 . 

Table I 

Statistical parameters of grain-size distribution of main sandstone types; thin section data 

Sediment type I 
Sample 

I Md I M. I SI I %<4 phi No. 

Laminated sandstone, association A 41 1.80 2.07 0.8,5. 2.5 
Laminated sandstone, association A 36 1.68 1.84 0.70 0.5 
Laminated sandstone, association A 37 1.68 1.72 0.80 -
Laminated sandstone, association B 2 2.22 2.38 0.82 8.6 
Laminated sandstone, association B 49 1.85 , 2.00 -,,0.85 0.2 
Laminated sandstone, association B 50 1.71 1.90 1.14 4.1 
Structureless . sandstone, association B 47 2.05 2.18 0.94 9.2 
Structureless sandstone, association B 62 1.80 1.97 0.93 4.6 
Btmctureless sandstone, association B 44 2.11 2.32 0.75 6.6 

Spherkity and roundness were determined in the . 0.5-0.25 mm grade, by 
visual comparison with the standalI'ld table presented by K:rumbein & Sloss (1963, 
Figs 4-10, p . 111). The mean values of roundness for individual thin sections 
range from 0:33 to 0.46, and of sphericity - from 0.45 to 0.53 (cf. Text-fig. 3). 
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Fig. 3 
Histograms of roundness and 

sphericity 
A sandstones of association A; 
B - sandstones of association B 

Scanning electron microphotographs of the quartz grains revealed a common 
occurrence of uptUl"Iled plates, usuaHy modified by solution and precipita.tion (PI. 
24, Figs 1 & 2); surface textures oIf thIs kind are characteristic of :bhe aeolian en­
vironment (see Krinsley & Doornkamp 1973; Margolis & Krinsley 1974). It should 
be noted that in many grains their originalsuriace is cOmpletely obscured by 
regeneration over growths. 

GROSS INTERNAL GEOMETRY 

The spatial arrangement of the Tumlin Sandstone is generally 
hlerarohic:a1, with sedimentary units IOf several orders (see T.ext-figs 
4-7 and PIs 1-4). These units are individualized in different ways, 
depending on the orioentatilOn of the IObserved section, so that their 
precise distiJriction is not possibLe in each case. The main units of the 
:first arder me named. compound sets in this paper, and the second order 
units - the sets. The latter usually oonsist IOf cross- and/lOr horizontal 
laminae (ref€Tred tlO an originally level plane). In some cases bundles 
od' laminae are distingu:ished ' within the sets; they' ar.e nalrned the in­
trasets. 

The inclination IOf bounding surfaces IOf the first and second order 
units is variable, Tanging from a high--angle (up to 36°) toa horiwntal 
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Sketch of upper wall of quarry Tumlin-Gr6d; for locat~on and general explanation, 
see Text-fig. 4 
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L - deformations .of cross-lamime in form of overthrusts (see PI. 8, Fig. 2); M subhorizontal 
main bounding surface (cf. Text-fig. 5 and PI. 6, Figs 1 & 2); P - slided and rotated block at bank of 

erosional chalnnel;.R - deformations at bank of erosional channel (see PI. 14, Fig. 1) " 
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position. The 'bounding· surfaces are commonly erosional and bevel or 
truncate dlisoordantly the underlying deposits. The laminated sed.i:rnents 
overlying diraftly the bounding surfaces are usually paralled. to them or 
inclined at a very low angle, independent 'Of the inc1.iJna:tion of the 
bounding 'Surface itself (see Text-fig. 7; PI. 1 and PI.. 12, Fig. 1). 

The compound sets &-e very thiok, usua~ly 'Subhorizontal layers of 
a relatively great lateral . extent; they 'Call be traced for tens of metres, 
often throughout 'the whole quaTlI'y. Main bounding surfaces which 
separate the oompoUlIld. sets arr,e genemlly smooth, slUIbhol'li!oontal and 
slightly OQIlC8ve Ulpwards. In some cases the windwa:rd endings of these 
surfaces can be observ,ed: they are ooncav:e upwards and raJpidly steepen­
ing towards the oonta:ct with higher main bounding sur:fiace (see Text­
-figs 5 & 7 and PI. 2). The shape of these endings l'Iesembles very wide 
scoops and such parts of the maim boundIDg surfaces are thereby called 
"the giant 'scoop-'liike surfaces". Their maximum dip !is 36°, but usually 
it is smaller. The observed thickness of the oarnpound sets attains 7 m 

Fig. 7. Idealized blockdiagram showing gross internal geometry of the Tumlin 
Sandstone 

MB - main bounding surface; AB - additional ·bounding surfa'ce; SC - giant 
scoop-like surface; AER - aeolian ripples; WR - wave ripples; MC - mud 
cracks; WLT - water-level terraces; SS - lens of structureless sandstone; for 

further explanation see Text-fig. 4 
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and usually ranges between 3 and 5 inetres. In some places it gradually 
falls to zero ' due' to the bevelling of a compound set by a lower bound:.. 
ing surlaoe of the younger compound set. . 

In a typical compound set, individual Sets have -a Similar spatial ar­
rangement (see Text-figs 4-7 alIld Fls 1-3): TheydlspLay a fOlt'IIi or 
i!Ilcli!ned wedges, thilrming and flattennng " cWWriwatds ' -in ,'the -direction 
of the dip. Additional boundiJIlg surfaces separaie the sets. Some of 
those surfaces extend from the upper to lower bounding surfaces of 
theiT paIrent oompound set. NeveTtheless, often in the upPer paTt of the 
oompound set the additional bounding sUnfaces, observed in ae section 
(i.e. parallel to the genetal dip of cross-strata) are almost rectilinear; in 
such cases upPer parts of the sets are g,enerally tabular planair (cf. 
PL 5, Fig. 1). In the -ab (horizontal) seC'llian the discussed surfaces ob­
served over tens of metres are almost rectilinear (PL '6, Figs , 1 & 2) oc 
only inconspicuosly bent dipward and only sporad:icl:illy undulated. 

Ge:h,erally, the bounding surfaces of sets -are steepest in the upper 
part of the compoUllld sets wooe their dip r·eaches as much as 36°, 
often exoeed:img 25°. The angle' gradually deCJ'ieases dJOwmlope. In many 
cases the ,boundaries are talngen:tialto the lower bounding surface of 
the parent cOmpound set. On the other hand, the bounding surfaoes of 
sets fr.eque'ntly happen to approach the lower surfaoe and cantinue sub­
paraUel to it for several tens of metres OT more (see Text4igs 4 & 5). 
In such oases the inclined sets pass laterally into horirontal ones. In 
a numbeT of sruch cases C'I'OSS-1amlinae can be traced UoClOntinue as 
horirontal ones (see PI. 2). 

The inclined bounding surlaees of sets visible in ae section usually 
dip at a sUghtly smaller angl,e than the bevelled etrOISS-laminae of the 
lower set, and opposite cases are rare (see Text-fig. 6 and PI. 1). Many 
additional bounding surfaces are not discernible ;in this section, but 
may ,be seen in be section and :in the ~lan (compare ;eastern and northern 
walls in Text-fig. 4; see also Text-fig. 7). In such cases the cross-Laminae 
of the adjacent sets have similar dip angles, but difrer IiJn the dip direc­
tion; the differences aT·e usually smaller' than 10° and OIIlly exceptionally 
exceed 15°. 

The maximum thickness of !individual sets usua[ly .ranges from 
a few tens of centdmetres to 2-3 me't'l'1els. 

Between the inclined sets solitary troughs oocur sporadically (see 

Text-fig. 4, eastern wall), fiUed symmetrically or asymmetrically with 
curving laminae. 

The maximum dip of CTOl'3&.:J.aminae :in in~vidual sets rarely attains 
36°, Il1O'l'IllaIlly mngling between 20° and 30°. Within individual compound 
sets the dd:pdixections observed in the exposure usually vary from 
several degreeS up to 30 0. 



LOWER TRIASSIC AEOLIAN DUNES 159 

5 5 

Fig. 8. DistributiOll1 of dip attitudes 

Polar net, upper hemisphere; ()riginal orientati<ln. Quarries: A - Sosnowica; B -
Tumlin-PieniE:zna; C - Tumlin-Gr6d; D - WydtieiJ.; E - Ciowwa 

Table 2 

Vector resultant and consistency ratio of dip directions 

Dips;;. 15° All dips 

Quarry Number Consistency Direction Number Consistency Direction 
of ratio of vector of ratio of vector 

measurements resultant measurements resultant 

Sosnowica 28 0.80 22° 65 0.67 21° 
Tumlin-Pieni~i:-

na 20 0.86 4° 30 0.84 5° 
Tumlin-Gr6d 33 0.90 349° 57 0.75 353° 
WykieiJ. 24 0.90 341° 30 0.86 334° 
Ciosowa 7 0.87 19° 36 0.52 29° 

In each quarry the incLination of cross-laminae was measured in 
several compound sets. The compiled diagrams indicate that the degree 
of d.ispersion of the dip directions is inversely propo:rtio.nal to the value 
of the dip angl,e (Text-fig. 8). The diTiec1J:ions of strata whose inclina­
tion exceeds .15 0 have a relatively smarll dispersion. In individual quar­
ries the consisten.cy raUios assessed for these strata (using the method . 
of Curray 1956) are high and the resultant vectors have similaT direc· 
tions in all the quarries (TabLe 2 and Text-fig. 8). 
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LAMINATION OF SANDSTONES 

The basic, tbJinnest stTatiJ:fiication units aTe called lialin:ina.e throughout 
this paper, without determining the maximum thickness (et." Campbell 
1967), The lamilnae are mesoscopically marked, m.aimy due to, differences 
in colour. Thooe oonsistilJlg of rrelativ,ely fine grains are often darker, but 
this is nJOt the rule. 

I 
j . I Length of lanunae 

I Thickness of laminae 

I' Lateral change in thickness of 
individual laminae 

I Distinctness of laminae 
Grain-size differences between 

adjoining laminae 
' I Bounding surfaces of laminae , 
I 
i 

cm 
20 

15 

10 

5 

o 

Table 3 

Characteristics of lamination 

Association A 

very long (metres and tens of 
metres) 
from tenths of millimetre to 
15 cm 

gradual downdip thinning 

good to poor 
insignificant 

smooth prevail 

Association B 

very long, locally short 

from tenths of millimetre to 
a few centimetres, thin and 
very thin lamiD.ae prevail , 
usually none, locally conside­
rable 
usually good 
insignificant, rarely great 

smooth, locally disturbed by 
numerous small protuberan­
ces 

Fig. 9. Lamination in sandstones of association A (\pr()file A-B) and of association 
B (profile C-D) 

Indistinct boundaries' of laminae are marked with dashed line 
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The examination of thin sections rev-eals that thehoundaries of 
laminae are formed as a :result of rapid (PI. 22, Fig. 1) or g:radual (Pt. 
22, Fjg. 2) change in grain size; sometimes these boUndaries are ad­
dIi:t:iJOIlal'ly marked by a chalIlge dn the ty.pe of cement or matrix (PI. 22, 
Fig. 3 and PI. 23, Fdg. 1). . 

The sandstone lamination in associations A and B lis generally simli.lax, 
but some differ,enoes are found (Table 3), mailnly in , the thickness and 
dist:i11lctness of the particula:r lamdnae (T'ext-fig. 9). 

ASSOCIATION A 

Thick ood ' very thi'dk Lamiooewith indIi.stlilnct boundaries are most 
typical (Pl. ' 7, Fig. 2). They are intercalated With :relartive:t.y thilll, well 
defined lalmmae, usually grouped dn bundles (see T,ext-fig. 8). A downdip 
flattening of whole sets is usually aCoompan:ied Wli,th gradual thimting 
of individua'l 'lamIDae, es,pooially JOf the 'thicker ones (se~ PI. 2). The 
wedging out, :as weUas the gradual disappearance ami appeaTaIIlCe of 
iam.mae axe rare. Consequently, moot cross-Laminae can be traced in 
<le sections over oonsiderable distances (see PI. 2 ood PI. 7, Fig. 1). In 
be sections 'most laminae 'extend Jor at l,east several metres.' In one 
case on'ly an ,erosionall structure was OIbse:rved in such section (PI. 12, 
Fig. 2), and can be w :te:rp:reted as a spoon...shalped depreis.crion , formed in 
the upper part of a sand avalanche. It should be stressed tnat oone­
-shaped sand:flJOw cross-s'traia as demonstrated by Hunter (1977, Figs 6 
& 7) wer,e not encountered. 

The interfingering of avalanche deposits (which are usually represented by 
thick laminae in the aeolian sediments) with well laminated deposits at the toe 
of the dune lee-slope (for modern examples, see McKee & al. 1971, Figs 3b & 4b;' 
McKee & Douglass 1971, Fig. 2; Hurner 1977, Figs 6c & 6d) was not observed in 
the Twnlin Sandstone. Only in one case inclined intrasets of cross-laminae were 
observed to interfinger with the deposits almost completely devoid of lamination 
(PI. 13, Fig. 2); nevertheless, this case is exceptional and in no way typical of 
the Tumlin Sands1one. 

Structures closely resembling the -deformations by sand avalanching 
of lee-side laminae of modern aeolian dunes described ,by Mc:K!ee: & ,al. 
(1971) oocur sporadically :in association A. PI'Ievailing aJrnang 'bhem are 
f uZ'ziness ,or lack of distinctness of IDdividual laminJae, especially the 
thi'ck,er o:o..es. Such laminae oorntr8lSt with mor,e distinct thin OID.€S growped 
in bundles. Warps (gentle folds; see PI. 8, Fig. 1) and stretched Laminae 
a.r,e rare. Ov:erthrusts (PI. 8, Fd.g. 2), Ibxeak..;aipart iJ.aminae and structures 
resembling recumbent folds are very :rnre. Deformations visible on the 
parting surfaces of cros's-strata are found in a few ca:ses. They occur 
in the fonn of miniature steps ori,ented upcli!p (PI. 9, Fig. 2) or getntle 
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elevations and depI'essions (PI. 9, Fig. 1) resembldng a relief of the 
sand-flow upper smiaoe (cf. McKee& al. 1971, Figs 3d & 4d). 

A few of the gently inlined parting (= lamination) surfaces exposed in the 
Ciosowa quarry were patterned by a specific linear micror~lief, approximately 
parallel to the sedimentary dip of the cross-laminae. 'The origin of this relief is 
dbscure, but it might resu]t from s,ahd avalanching. 

ASSOCIATION B 

In this assoc:iation thin, sharply de£ined-iliamimae grouped in bundles 
aTe prevailing (Text-fig. 9 and PI. 13, Fig. 1); they aTe lintercalated with 
subordinate thicker laminae (PI. 11, Fig. 1). In the Latter strata a subtle 
Jow-angle crosB-:stratifioation is visible. Such layers are regarded as 
subcriticaHy -, climbing transLatent strata. with notioeaJbLe ripple-foreset 
cross-lami.nae (sensu Hunter 1977). 

In places, individuallamirna:e have an admixture of apparently coarser 
grains (0.5-1.5 mm) with occasi.OIlJa,I, sti:ll coar.sergrains up to 3 mm 
(cf. PI. 20, Fig. 1). Such laminae are usually thiln (few mli:lllimetre.s), and 
only exoep:tionally assume a form of .relatively thick lenses (PI. 11, 
Fig. 2). 

The bulk Of the sandstones is suhhorizontally laminated, with great ' 
lateral continuity and regularity. In some Layers, hOwever, the regular 
lamination is interrupted bysmall-sca1e9OOUT~arnd-fill structures, lento. 
icuilaT intel"Calations with low-angleclOOSS-stratmcation and other struc­
turies, descri:bed below. 

LENSES OF STRUCTURELESS SANDSTONES 

Structureless sandstones occur in a form of elongated lenses of 
various si're (see PI. 1). Their thiokness is in each case several times 
greater than that of the thickest laminae of the embedding sandstone; 
the tMcJlmess does not exceed 20-30 om and only oacasianally amounts 
to 1 metre. The lenses may be observed for several me1:tres or tens of 
metre6 aLong their long axis. 

Lower boundaries of the lenses are &harp. In the cross-section they usual1;y 
have a fairly regular, ooncave upward outline resembling a bottom of an erosion­
al channel. Bott{)ms of more extensive lenses are almost horizontal in son:e 
places, but seoondary depressions, relatively deep, are lo-ca<l1y encountered. The 

, surrounding sediments are s{)metimes def'ormed at the erosional banks of chan­
nels. The deformation may occur in the form of a downward bendin~ of the 
laminae (PI. 14, Fig. 1) or of sediment lumps displaced along the inclined shear­
-planes (see P in Text-fig. 6). Isolated blocks of the la,minated sediment are also 
found to be embedded in a mass of struclureless sandstone, varying in size and 
orientation (Pl.14, Fig. 2). 
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In some lenses, in their upper or lateral parts, there -occurs a progressJ,.,,:ely 
.more·· dLstinct lamination; this is mostly a low-angle 'cross-stratification (see Text­
-fig, 6 and PI. 1). Other lenses . seem to consist exclusively of the structureless 
sediment. 

Tops of most lenses are horizontal and concordant with stra·tification of the 
sUTr.Gunding deposit. The sa7lldsitone plates split loff in the oourse of stone ex­
ploitation revealed that some lens tops are generally convex upwards and reveal 
smaller, irregular undulations (PI. 15, Fig, 1) <lr a sUlblinear relief with distdbutary 
riH pattern (PI. 15, Fig. 2). 

The structureless sandstones 00 not differ significantly in their grain-size 
distribution from the sUlbhorizontally laminated sandstones (see Table 1 and Text­
-f ig. 2). No preferred grain orientation is discernible in thin sections (PI. 23, 
Fig. 2). 

The described features of the structureless sandstones, especially their oc­
currence within association Band the character of their bottom, do not . permit 
their considering as deposits of dry sand-flows. It is also doulbtful whether the 
lenses resultant from the proce~ described by Peacock (1966) and Sanderson 
(1974), i.e. were :liormed by progressive de:liormation leading to complete disap­
pearance of primary internal structures. 

The preseIllt authors suggest that the lenses of str,uctureless sandstones were 
deposited during episodic heavy rainfalls, when ephemeral streams flowed through 
interdune depressions, locally eroding. their bottoms and almost immediately 
filling in the excavated channels. Due to homogeneity of the transported material, 

. heavy loading .of the streams and rapid water soaking in the sUlbstratum favoured 
deposition .00: stoructur,eless' sand. It is also not unlikely that at least a part of 
the structureless SaJIldstones was laid down by mass-flows. This assumption is 
~orroborated both by the presence af "drowned" :blocks, evidently transported 
and deposited by pasty-flows in a viscous medium, aIlld by the occurrence of the 
irregularly bulbous upper bounding surfaces of some lenses, resembling a relief 
of water-saturated mass-fJow deposits (see Ca.rter 1977). The relief of these 
surfaces shows a striking similarity to a sand-flow formed on a dune margin 
after an e.piS<Jd[c flood ·(see Fleming 1977, p. 75). 

The lenses found on the upper wall of the quarry Tumlin-Gr6d (Text-fig. 6 
Hnd PI. . 1) are visilble in a seotion apPl'1Ox;imately pel"peIlldicwlar to. their long 
axis. They belong to ,several SlUccessive generations, and are thought to have 
been deposited in a narrow interdune depression oriented W-E. Its axis was 
gradually shifted to the nol'lth as a result of migration of the bordering dunes. 
Suc·cessive 'Positions of the depression ax1sare marked by younger and younger 
erosionaJ. channels. The inclination of laminae in the upper part of channel-filling 
sediments reflects to some eXJtent the shape of the interdune depression during 
its migration. I 

RIPPLES 

Two cl:asses of ripples are distingUIiJShed !in the Tumlin Sandstone. 
They are referred to as ia'eolian rand WJave ripples on the features 
evidently :iJndioatdvre of their orig:iJn. 
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AEOLIAN RIPPLES 

Ripples of this class are fairly frequently ObsE.'Tveci in association A 
on surfaces of the cro&S-'Strata. The ripple crests are distinguished from 

• troughs !by a lighter tone (Pll. 10) and in most cases ru-e paTallel to the 
dip of the CTOss~trata (cf. Text-fig. 7). These crests are straight to 
slrl.ghtly curved, sporadically biiurcatilIlg, , spaced out 7---'25 cm apaxt, 
ap',d 1-4 mm high. Most of the ridges are strongly flattened, which 
hinders determiooiion of the original ripple indices. In, some cases, 
however, 'the ripples ' are found to be asymmetrical. Individual ripple 
cr,ests can be observed ov-er a distance up to 4m. Some of the ripple 
cre.:,-1;s consist of Slrl.gthly coarser grains than the troughs. Cross lannna­
tion has never been observed in the ripples. 

Ripples with a similar pattern and orientation are comm~)O on lee slopes of 
modern aeolian dunes (see McKee & al. 1971, Fig. 6c); some 'fossil examples have 
also been described (e.g. Walker & Harms 1972; Sieidmann 1974; Sanderson 1974; 
Brookfield 1977). The origin of such ripples is probably related to sand transport 
across the dune fa,ce by lee-Slide eddies. The flattening of ripple crests ()IbseTved 
in the TumUn Sandstone may be due to deterioration of the ripples resulting 
from an increased wind force (cf. Bagnold 1941, p. 153; 'Sharp 1963). The explana­
tionproposed 'by Steidmann (1974) for similar ripples in the Casper Formation 
of Wyoming appears mare likely. ACICO~ddng to this author, after wetting the dune 
surface ripple crests dry more rapidly than troughs and are more easily truncated 
by wind erosion. 

Low relief, flat sha;pe, and lack of internal structures substantiate 
interpretation of the aeolian origin of these ripples (cf. Tanner 1964; 
Sharp 1963; Walker & Harms 1972; Hunter 1977). 

WAVE RIPPLES 

Ripples of this class are encountered ' exclusively in deposits of 
8s.~ti.on B, usually in the vicinity of or even in the continuity of 
mudcracked lJ.ayers. In the cross-\SleC'tion they occur in the form of isolat­
ed trains among horizontaiJ.ly laminated sandstones. 

Straight of slightly sinuous ripple crest<; are prevailing, while the 
bifurcations :are rare (see Pl. 16, Fig. 2). The ripples are USIlially 5,:-8-
om apart, 7-11 mm high, the ripple index ranges from 5 to 8. They 
are symmetrical or slightly asymmetrical (PI. 17, Fig. 2), their crests. 
ape always gently rounded. Chevron structures are visible in eross­
-sections of most ripples (Pl. 17, Fig. 1), bundled upbuildings are also; 
common (Pl. 17, Fig. 3). Darr.-ker, mud--enriched laminae are encountered 
mostly in troughs, but they can also drape some adjacent ripples. 

The presented ' characteristics correspond well with most features diagnostic: 
of wave ripples, listed by de Raaf & al. (1977, pp. 457-459). The only apparent 
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difference is that the Tumlin ripples are usually underlain bya flat surface. 
According to the present authors, this can ,be explained ,by the aeolian origin of 
the horizontally laminated deposits embedding the ripple trains. 

In one case a (layer of very fine sand, c 2 cm thriok, was observed 
to containsymmetrioa,l ripples built of form~nt laminae. The 
observations and experiments of Rei'll€iCk (1961) have shown that such 
ripples can also :be wave-generated. 

MUD CRACKS AND CURLED MUD FLAKES 

MudstO!ne intercalations within 'the sandstones are usually dissecrted 
by polyganal network of mud craoks. The poly;gon diameters vary from 
a few to 30 oentimetreB. Due to the very smalJl tbickness of mudstoo.e 
layers (from tenths of a millti~re to a f,ew mllldmetres), the mud 
oracks aTe visible almost exclusively at parlingsurlaces parallel to the 
stratification. The mud-erack netWbrk UiSualily appoors as ridges on the 
upper surface (PI. 16, Fig. 1), and the polygon surfaces are concave 
upward. 

The mud-cracked laminae are often transformed into curled mud 
flakes. SOme of these flakes aTe tube-lik,e, almost completely closed, up 
to 5 cm :iJn diameter. As a ll'ule, they are not flattened. Layers fuU of 
curled mud fLaikes are abserv,ed on parting surfaces parallel to stratifica­
tion r(PI. 18, FUg. 1) and on vertical CTOSS-'seci.i.ons (PI. 18, Fig. 2). The 
mode of preservation of these f1a!kes indicates that they were burl-eel by 
wind-blown. sand in the same way as is observed in ephemeral ponds 
and wadi chann.els of modern saIlldy deserts (see Glermie 1970, pp. 52-­
---53). 

Mud craCks with downward conoa.'Ve polygons occur sporadically; 
their dimensions and network shape do not differ from those of normal 
mud cracks llnto whioh the former pass laterally (see PI. 19, Fig. 1). 
I'll al,llObsarV'ed cases the downward concav·e mud cracks ocoorred in 
v€rry thdJn mudstrone layers. 

The mode of ocourrence of the downward-ooncave mud cra'cks in the Tumlin 
Sandstone seems to refute the opiniOlIl that the origin of such structures is Closely 
related to the salinity of water or sediments (for references and discussion see 
Pieard & High 1973, pp. 116-120); on ,the other hand, it corrobates the conclusion 
of ShroC'k (1948, p. 203) that concave and convex polygons can be formed almo<;t 
simultaneously on the same surface in the same mud and water. As regards their 
occurrence at the shore of an ephemeral 'Pond (see PI. 19, Fig. 1), it is unlikely 
that the downward concave polygons there observed were formed as a result 
of a more rapid dehydration of the lower part of the mud lamina, in the way 
suggested by Roniewiez (1965, pp. 213-214; see also Min1er· ' 1970). 
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REMNANTS OF AN EPHEMERAL POND ~TH FOOTPRINTS 

The only mudstone lay.er obsexved :in the quarry Tum[in-Gr6d is 
expdsed in the eastern wall (Text-fig. 4). It is very thin (a few milli­
metres) andoan ,be traced over a distance of some ten metres. It rises 
gently southward and pinches out in the same directioo. The thinning 
is accompanied with a decrease in mud-cralCk fissure width and in 
polygon diameter (PI. 19, Fig. 1). Farther to the 'SOuth, there extends 
a sandstone SUl"Ifaoe which .is genemlly smooth excepting for two sets 
of horizxmtJal mioroterra!Ces whose morphology ;is char:acterdstic of water­
-level marks (see PkaTd & High 1973). Very small wrinkle marks, strik­
ingly similax to those described by Han1lzschel & Reineck (1968), occur 
between the two sets (PI. 19, Fig. 2). 

The described surface, together with its terraced. part, is cov·ered 
. with numerous shallow depressioos, about ,3 cm dn ,diiJameter. They can 
be Iseen at regular intervals ~ the higher part of the surface; in thls 
part prints of four sharp-.ended toes aTe distinct in each depression, 
always orien1led .iJn. the same diJrectkm (PI. 19, Fig. 2). In the lower part, 
in the .proximdty of the mud cracks, the depressions become gradually 
indiistinct. 

The relief of :footpniJnrt;s :is not perfectly diJScerniJble., even in the best preserved 
forms, because retIIllIlants of the infilling matetial are still found in respective 
depressions. For this reason the Prints have not as yet been determined, but 
presumably, they were left by a small reptile. The sandst9ne plate wilth the 
footprints is ooused in the collection of the Institute of Geological Sciences, 
Polish Academy of Sciences in Craoow. 

Position, lithology and sedimentary structures of the layer with mud­
-cracks point to a fossilized peripheral ozane of an ephemeral pond in 
an interdunal fIat. The investigated fragment of the pond adjoined 
a dune front advancing from the 'SOuth. The pond mig1;lt extend farther 
to the n'Orth, ;behind the ZJOIllIe with v:isd!ble mud cracks. However, the 
depoSits of the fartherpaxt of the pond, which had ibeen exposed there 
for a longer time ibefure they 'WIere Iburled .by the l8d!vancing dune slope, 
were removed by deflation. Examples of a similar dnterfingel'1ing of 
depoSits of ephemeral ponds with dune sands aTe reported from the 
&!run Goyot Forrna,tion in Mongolia (G~i & Jerzykiewicz 1974). 

The presence of the' microterraces situated. suocesively lower, in­
dicates that JWa!teIr level in the pond WaJS :fa'lling down (cf. Picard & 
High 1973, pp. 39-41). The footprints were left when the mi'CrOterraces 
had already been. focmed. In the upper part of the eJCpOsed surface 
these traces 'Were probably left on moist cohesive sand, while those 
situated in the lower part were pressed on the stdll wetter, almost 
saturated sand; in the ,latter case the :margins of deprec;sions became 
partly dbl1terated by liquefaJCtion. 
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Similar exposures of fosSlilized tpOind shores, but without footprints, 
were obserwed in the SOI3nowica quary. 

ADHESION STRUCTURES 

The structures ooa:lJSidered by the present arutho:rs to be due to ad­
hesian occur in sulbhorirontally strIatified. sandstones of association B 
and are 1T\iOSt :firequently observed in the deposits sepamtilng thin mud­
stone :iJntercalati.ons OIl" ho'l'li:zdns with WJave .mpples. 

The adhesion structures appear on parting surfaces in the form of small knobs 
or swellings, 1-2 mm hig.h, densely and irregularly spaced; in cross-section the 
sandSltone reveals an irregular wavy lamination (PI. 20, Figs 2 & 3). These 
structures are very similar to adhesion warts descri,bed by Reineck (1955). Among 
them there occur, here and there, sHghtay larger swellings with poorly visilble 
cross-lamination, resembling adhesion ripples (see Reineok 1955; Reineck & Singh 
1973). Adhesion warts and adhesion ripples are formed when dry sand is blown 
by the wind on a smooth, wet substratum. Glennie (1970, 1970) reported the oc­
currenoee of simi!lar structures :in interdune sabkhas, both fossil aJIld modern 
ones. 

Some ·of the rugged surfa'ces observed in the Tumlin Sandstone resemble the 
textured surfaces descrrbed by Pieard & High (1973, pp. 132-134), effected by 
rain drops falling on loose sand. 

GROOVES 

Sets of small parallel grooves were observed at tops of sandstone strata in 
the deposits of the same type as those bearing the adhesi,on structures. The leng,th 
of the grooves ranges from a few to ten 'centimetres, their width is about 2 mm, 
and the depllh never exceeds 2 mm (PI. 20, Fig. 1). Same of the grooves d:i.splay 
relatively coome (Uip to 3 . mm) grains preserved art their endirngs, others terminate 
with small pits leU iby the grains removed by recent weathering. 

The grooves are considered to be tra'ces of ,coarser sand grains transported 
by a strong wind, left when the grains tOUiChed the surface of wet sand and 
glided over it. The movement Oif grains after impact might have been facilitated 
by the presence of a very thiIJ, film of water 'on the sediment surface. 

TRACE FOSSILS 

Biog,eni,c structures are :rare in 'the Tumlin Sa:ndS'tone, and oocur only 
in the deposits of associatian B, usually in the vici!nity of mudstone 
intercallations. Apart from the footprints, a f.ew trnoes of annelids(?) 
h.av;e been found (PI.. 21, Fig. 2). ' ITII'egulm bUl'1'iOWS ffilled with sand alnd 
having a :f.ew millimetres:iJn diameter are move roequent (PI. 21, Fig. 1). 
The burrows run across the laminae of muddy sandstone and in some 

2 
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plac~ the sed!iment becomess1xongly :biotlirbated. A few such burrows 
were found !in troughs of the wave II'Iipples. Radial structures, spreading 
from a centrnl depr,e'SSion, that occur sporadically on sandstone surfaces 
(PI. 21, Fig: 2) are also mterpreted as :being of a biogeni,c origin. 

SEDIMENTOLOGICAL INTERPRETATION 

The Tumlirn Sandstone :is regarded by the pr,esent authoxs as a dune 
field deposits includ:i!ng both deposits of dunes (.association A) and of 
inte:rdune areas (&SSOIC!iation B). 

The 'assemlblage of chal'a:cieristic sedimentary features of a&SOCia­
tion A mcludes: 

1) great thickness (several metres) and large lateral contiiluity of individual 
main cross-straitified units; 

2) relatively steep inclination of the cross-strata, amounting to 36°; 
3) bevelling' (IT truncation of the main sedimentary units . by extensive bounding 

surfaces, w1hich are subhoriZ'Ontail or slightly concave upward ()i\Ter consider­
able distan(!es; 

4) occurrence ,of series of additional, inclined bounding surfac~ within the maiil 
units; the surfaces bevel or truncate -the underlying cross-laminae which are 
usually inclined at a higher angle than the bounding surfaces; 

5) shape of individual, incliiled sets of cross-laminae, tabular in the upper part 
and curved, wedge-like in the lower one; 

6) very great length of individual cross-<lamiilae; 
7) relation of overlyilIlg laminae to the iildined bounding surfaces: the former 

are parallel or subparallel to the latter; 
8) occurrence of ripples onstmfaces of cross-strata; values of the ripple index 

are !high and the ripples . are subparallel to the 'dip direction of cross-strata; 
9) presence ,of synsedimentary deformationsiildica<tive of sand avalarichiilg; 

10) predominance of grains of medium- and fine-sand grade, the insignificant 
percentage of smaller grains, and la(!k of grains coarser than sand-grade. 

Sedimentary structures in association A ape strikdngly similar to 
thooe oocurring in 1ee-ruope deposits od' modern aeolian dunes. The lat­
ter structures were deS'CTfihed, i.a. by Land (1964), McKee (1966), McKee 
& al. (1971), GI,emrie (1970), and Hunter (1977). Similar structures were 
also found in theix fossil counterparts {Shotton 1937, Thompson 1968, 
Glennie 1970, Home 1971, WaLker & Harms 1972, Steidmann 1974, 
Gradz:iii.slki & Jerzykiewiicz 1974}. The whole assemblage of sedimentary 
structwres may be COIJl!SideI'ed diagnostic of and thus relevant to the 
origin of association A on lee~opes of aeqlian dUllles. 

TextuTal features of the described deposits, especially their grain­
-size distrlobu1lion, are consistent with the postulated origin of associa­
tion A. 

rt should be noted that the relatively low deg!r,ee of roundness is 
nOlt incon'Slistent with such o.r:igin. Although many dune sands CIOIllS'ist 
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of, well rounded quaTtz grains, in others most grains are subroOunded toO 
subangular; the latter feature is OIbserved both in modern sediments 
(Norris & NoI'!I'f.is 1961, p. 612; Glenn;i,e 1970, Fdgs 134 & 135) and in 
fossil ,OInes, e.g. in the Rook Point and the Luokachuai Members of the 
Wungate Sandstone (Ha!l"shbagger &al. 1957, pp. 10-11), as well as 
in ,the Chuska Sandstone (Wright 1956; Poole 1962, p.147). 

Depo5!itional proces-ses of the cI'l()!SS-strata need further d:iscussion. 
Steep inc.1Ji!Ilatioo of cross-laminae, approa'Ohirr::tg the angle of repose, is 
observed at higher levels of the CIl'oss-strati:fii;ed urui.'ts. This seems to 
point to sand avalanching !BB a PI"evai1!ingprooess. However, several darta 
disagree with this suggestion. 

DeformatiOlIlal ' structUX'e5 'characteristic of sand ava'lanching (cf. 
McKee & al. 1971) axe I'aIl'ely encountered in the rocks of assooiatilOn A. 
The wed:gilIlg out otf C!l"oss-strata, whiich can !be !related to sand avaJam.ch­
ing, has not been observed at the toes of the Tumlin dunes. 

On the other hand, 'the following features are commonly encounter­
ed in associaition A: (1) Individual 0T0Lss-1.am:inae are very extensive, 
palrallel aIIld perpend!icular to the d:i:reclion of dip. (2) In ae sections 
the laminae are often straight at high levels of croS8-'Stratified units 
and gradUJaJlly bend downdip (iin a conoave-upwaTd sense). (3) Individual 
lami'Illa€, ,as well !BB their bundles, gradually deer,ease in thickness, coOn­
cordantly as a set thfun..,.; the thickn$S of individual lamilnae or of their 
bundles usual'ly differs coll1sideraJbly in vertical sections. (4) Gradational 
contacts of the lam.inae are common, malcing dndividual Laminae hardly 
discernible in malIlY places. (5) The CI"QISs-laminae a:re usually mare O'.l' 

less parallel. 
All the above mentioned, characteristics agree with the grainfall 

doepositiml on lee-slopes of modern dunes (Hunter 1977, pp. 375-377). 
I t may thus he concluded that the process of grainfall doepositian pre­
dominated 0IIl lee;slopes of the Tumlin dUIlJeB, whiLe salIld avalanching 
az:1d tractliona;l deposition 'Played a seoond:arry role there. 

, The present authors suggffit that the sand avalanching was mainly 
of a sarnd-fLow a!Ild not slumping type, since deformaiJilOIllal structures 
of the latter type {cf. McKee & al. 1971) axe ,extremely ;rare ilIl the 
Tumlin Sandstone and :aire represented only by break-apaxt Laminae, 
overthrusts and overturned folds. The features of individual Lamilnae, 
especially their lairge lateral oontinuity, indicate t~t sand-flows were 
a result of a scarp recession rather than of a 'Slump doegeneratuoo (cf. 
HUiI1te:r 1977, p. 377). Such sand-flows spread over large areas of the 
slope, and grains dropping down from a mliniature upwaxd-r€Ceding 
escarpment were accompanied with a wind-dniduced g:raiJnfall. The r,e-:. 
sultant alClCumulatiO!Il of sand covered a · Lal'g,e area of the slope with 
a relatively thm sheet and gradual'ly faded out on its margJns; henoe 
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the laminae which ortiginated in this way dtid not noticealbly differ from 
those formed. by the wind-induced grainfall. 

A tractional origin of pa'rit of the cToss-laminae is suggested, by the 
presence of :rti.pples on some cross'-stra.tm.cation sur,faces, as well as by 
the common ot'curoenre of bundles of thln lamlimae of a similar thickness 
and with relatively distinct boundaries. Some of these bundl€s may 
represent a subcritieaUy cl.imbliJng translatent s1rratifioa.tioo (sensu Hunter 
1977) while othetls, parlicuLarly those in ll()wer parts of the lee-s1opes, 
may be oonside:rted a planebed l.aminatioo. 

The chamcterUStics of the addJitional bounding sU!llfaces that sepamte 
the inc1iiJned sets of cro,ss-llaminae indiwte that !in the Tumlin Sandstone 
IrliOSt of these sur:fabes a["e eTosional, and ooly few may be regarded as 
shear planes formed by sand avaLarnchmg. The addirtinnad bounding 
surfaces w;ere mostly due to the action of air currents traIllSVeTsal or 
oblique to the dii:rection of dune lee-iSlope :iinclinatlion (see Walker & 
Harms 1972), as ilndliJCatedby the trunaati.on of the underlying cross­
-laminae seen !in a plian vi,ew (see PI. 6, Figs 1 &2). 

A similar spatial aITatngement of indiv:idual inclirned sets within the 
compound se11s, as well as a small vartiaibility of the dip dlixecti.on of 
steeply and moderately inclined cross--strata, both nn individual exposures 
and over the whole area, suggests that association A jg repDesented by 
deposits.of trarusV'ersal or barchanoid dunes with slightly sinuous crests. 
The dunes nrlgrateld as a reSlUlt of the action IOf prevailing unidii!rectwnal 
. winds. 

The geometry of the very larg'e-ocale eroSlS~stratiiIi.ed units of the 
TurrnlinSandstonoe, ,compared with that of difiierent types of modern 
dun,es from the White Sands dune field in New Mexico (see McKee 
1966), rese:m:bles best the lower parl of transversal dUJIle sections. The 
differences !oonsist mainly :in a marked. downdip bending of the Tumlin 
cross-strata, which may be explained by a secoodary role played by 
sand avalanching !in the origin of these strata. 

The deposits of association B were laii.d down in :iJnterdune areas; this 
assumption :is aorroborated, mst of ail, ,by their spatial relatians with 
the deposits of assoIciration A, as well as by their Jdlthology and their 
sedimentarry featu~es' . 

Wind-;blown deposits ar,e prevailing in association B. Their aoolian 
origin is dmpli,ed by a frequent oocUIT;ence I()If 'continuous transition into 
very large-scrue 'cross-strata without aIIly appallent change in the general 
character of their lamination, as 'Well as by lOonsidierable lateral con­
tinuity of individual laminae or bundles of laminae, and by a horizontal, 
usually parallel lamination of these deposits. The details of such a 
lamination r'esemble :£eatul'e8 of stratification observed in the sand 
deposited iby the wiind in mterdune aTeaJS or in a neaIr"ly flat apron at 

. ; 
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the base of modern dune slopes (see McKee 1966; Glenm,e 1970; McKee 
& Moiola 1975; Hun,ter 1977). 

The deposits laid down in wa:ter !Or with the help ,af wa:ter usually 
occu:r !in the form of subordinate. mteroaJations ar lenses within the 
wind ... blown deposits of association B; they M,e not always observed 
in oompournd sets. Neverthel,ess, theirpl"ese:rroe indicates that in some 
inrtJerdune dep1'lelSSions sporadic short-lh7jed f\VIater counses and inrfrequent 
shallow, ,ephemeraJI ponds Weir,e. formed. 

V,ertiool sequenoes . o}:>served .in quarr:ry walls usually reveal several 
subhoriZiQlIltal CIOIlIlpound sets, except Ifar . the cases dJiscussed , beIOlW. , The 
bases of the oomptound sets are formed by subharirontal. ~n bounding 
surfaoes which trllmcai1;e the underil.ying deposits of dune lee~op'es. These 
surfaiOeS are cov:e.red with .prograd:iJng:i!nterdune depooiits which pass up­
wa:rd into the deposits of dune lee":slopes. The iatterare truncated by 
a successi'V'e mad:n ibournding surfac,e. The orotgin :!If these sequences may 
be attributed to la faiTly r,egularclim!bilng of dunes one over another, 
migrating in nealrly the sarmedi.Tlecitian (see McKee & Moiola 1975, cf. 
also Shotton 1935). The climbing was possible when the amoun.t of 
sand su:pplioo to the dune field aII'lea ,eXICeeded ,that removed by the wind. 

Each subhorizo.n1laJ. main Iboundi:ng surfalOe was :liormed due to la suc­
cessive mligratioln of the wind..,erosdan 'zone, extenddrng over the wind­
ward slope of the dune and a,1so probalbly ov-er the adjoining part of the 
interoune ax€a. In turn, the above mentiOlIloo stlll'faces were gradually 
cov-ered with deposits accumulated :in the re:mainJing pirur1; of the inter­
~urne Mea, and later with those of the lee-slope of a successive dune. 
The deposits of the toes of dune w!iJndwa:rd-slopes are anly sporadii.cally 
preserved :in a stratigraphic record (Isee PI. 1). 

The pI1esenoe of giant ISCiOOp-like suxmces iJndticates that the process 
of aocumulation of the Tumlin Sandstone was moI"e complex than it 
is 'suggested aloov,e. Each giant scoop-Like surface bev'els two ar more 
subhoriJzontal oomponud sets and serves as a base of deposition of a new 
compound set. These surfaces are sinriJa:r fun their UIl.!i.di~ectiOlllal orienta­
tiOll1 and shape to the additd.on:al bounding surfaces separating the in­
cLined sets. This porintsto an analogous origin of ,both types of sur-

• faces, the only dilierence lyjJng ID the scale. The pr;esent authors con­
sider the scoop-like parts of the main bounding surfaces to be ex-
0lusively a result of the a,ooli:an eJ.'JOSion, but a detailed interpretatIon 
of -the · processes involved :is difficult. It lis noteworthy that similar 
surfaoes also occur in the Perim.i:an dune deposits of the FI'echtig€[' Bau­
sandstein (see Ellenberg & al. 1976, FJ.g. 2). It ds not unlikely that further 
examples Off such surlaces will be foUllld in other fosslil OIl' modern dune 
deposits. 

The present data indliJcate that during the development of the TumEn 
dune-field there exilsted remarkable differences between the level of 
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iriterowne MOOS separating the ·regu.1a:rly cl:imlbilng dune:; and that of 
.isolated, lower situated linterdune depressiOlllS. The Latter depresmons 
were cut into deposits of some older dUne g,eneratians. A sitnilar situa­
tion, i.e. the presenoe Of two level'S of the inte:rdUlIle areas, was observed 
by the first of the present authors at 'the modem dune mad KhOlllgoreen 
Els . in Ithe Gobi Desert in southe'.rin MortgJOlia . 

. The ground-water level in the Tu:mlJin field probaibly did not reach 
the bottom ·even of the 1owe:rtmoBt depressiiOns. Rare but heavy rainfal1s 
gave rise to ephemeral water :£lows at the bdt110m of , some ilnterdune 

. aTeaS, aswei~ as to the ror'ma:tian of ephemeraJ., sha:Uow, and quickly 
evaparaoog ponds. The depoSits laid down by these waters were rapidly 
buried by wind ... blown sands. 

The 'area of oocurr:ence of the TumIinSandstone' is situated within 
the Danish-Polish Tirough, along the axis of the ma:x!imum thickness 
of M.esoooic TIOC'kls (cf. Kutek & Glaz~ 1972). It ·is not UllloHlrely that the 
subsidence acoompallllied with .an arid or semiarid climate favoured the 
development of a midoontinental, generally dry, i()Ca1 and possibly 
closed basin. ,The ICEmtraJ. part of ' the -basin was at fi!rst occupied by 
a 'playa, the deposi'ts of which underlJi.e the Tumlin Sandstone, succeded 
by a dune meld. 
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R. GRADZIŃSKI, J. GĄGOL A. SLĄCZKA 

PIASKOWCE Z TUMLINA - OSADY WYDM EOLICZNYCH I OBNIZEN 
MIĘDZYWYDMOWYCH W PSTRYM PIASKOWCU POŁNOCNO-ZACHODNIEGO 

OBRZEZENIA GOR SWIĘTOKRZYSKICH 

(Stresrezenie) 

Przedmiotem pracy jest analiza sedymentologiczna piaskowców z Tumlina, 
stanowiących część nief()rmalnej jednostki litostratygraficznej znanej jako warstwy 
z Tumlina. Omawiane piaskowce występują na stosunkowo niewielkim obs,zarze 
w północno-zachodnim oibrzeżeniu Gór Swiętokrzyskich (fig. 1). Analiza przepro­
wadzona została przede wszystkim na podstawie licznych struktur sedymentacyj­
nych (patrz fig. 4-9, tab. 2-3 oraz pl. 1-21), a w mniejszym stopniu w oparciu 
o ,cechy tekstuTalne (patrz fig. 2-3, tab. 1 oraz pl. 22-24). 

Dominu1ące w piaskowcach z Tumlina osady o wielkQSkalowym warstwowaniu 
przekątnym, okreśLone w pra'cy jako asocjacja A, zawierają zespół struktur se­
dymentacyjnych charakterystyczny dla osadów zawietrznych stoków wydm. War­
stwy przekątne z reguły spłaszczają się w dół upadu sedymentacyjnego, a często 
pOlllPadowo przechodzą w warstwy połogie, wchodzące w skład asocjacji B, inter­
pretowanej jako osady obniżeń międzywydmowych. WiękSZ'Q'Ść osadów tej aso­
cjacji jest również ,pochodzenia eolicznego. ' Podrzędnie tylko występują WŚTód 
nich cienk:ie wkładlki. osadów po,wstałych w wymiku kJró1lkotTwałych, rzadkich 
ulew; te osady depanowane ibyły zarówno w płytkich, efemerycznych zbiornikach 
wodnych (warstewki mułowców z śladami wysychania) jak i przez wodę płynącą 
(pi:askowce bezskukturowe wypełiniające 1000alne kanały ero.zyjne). 

Piaskowce 'z Tumlina są osadBlIIli pola wy>dm transwersalnych (poprzecznych 
prostych), które migrowały pod wpływem wiatrów wiejących ogólnie ku północy. 
Pole wydm tumlińskich zajmowało środkową część lądowego basenu, leżącego 

w osi strefy maksymalnej subsydencji bruzdy duńsko-polskiej. Z danych wiertni­
czych wynika,że piaskowce z Tumlina 'Podścielone są osadami obszaru o typie 
playa. 
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1 - Extensive, flat surfaces of cross-strata truncated by subhorizontal main bounding 
surface (a man stands on it). This surface is overlain by deposits of association B 
with water-laid intercalation. Arrow shows m ud-cracked surface (see PI. 16, Fig. 1). 
Ciosowa quarry 

2 - Compound set of strata in corner formed by eastern (right) and northern walls of 
quarry Tumlin-Gr6d (cf. Text-fig. 4). Man stands on lower main bounding surface, 
upper bounding surface indicated by arrow 
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1 - Subhorizontal main bounding surface M (upper left) and inclined additional bou nding 
surface (left of hammer). Another, older additional bounding surface is indicated by 
arrow. Rectilinear traces of tru ncated cross-strata of association B are visible on main 
bounding surface. Note shape of additiona l bounding surfaces. Quarry Tumlin-Gr6d; 
oblique downward-eastward view from top of u pper wall I d. Text-fig. 6 and PI. 1) 

2 - Detail of exposure shown in Fig. 1, viewed westward. Main bounding surface M at 
left; arrow indicates older additional bounding surface. Right of hammer, exposed 
inclined, flat additional bounding surface 
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1 - Lamination in association A (secU.on ae); note continuity of individual cross­
-laminae. Ci-osowa quarry 

2 - Cros's-laminae in association A; n ote variable thickness and distinctness of 
individual laminae. Ciosowa quarry. Width of paper 5 cm 
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1 - Lamination in assQciation A (secti-on ac). Cio&Owa quarry, detail of cros·s­
-.stra.ta shown >on PI. 5, Fig. 1. Note variations in grain-size. Gentle fold is 
visible at lower left. Match for scale 

2 - Overthrusted ,cross~laminae (detail of upper wall in' quarry Tumlin-Gr6d, 
marked L on Text-fig. 6). Match for scale 
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~ 

Deformations on surfaces of cross-strata 
1 - Slightly undulate d surfa.ce with miniature steps. Quarry Tumlin-Gr6ci Match 

fo·r scale 
2 - Miniature s·teps or1ented updip. Quarry Tumlin-Grod. Match f.or scale 
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Aeoldan ripples 0IIl S'llrr:'fIaoes of cross-strata; SasnOlWtk!a qUQN'Y 

1 - Original dip of suria<:e - 15°. Scale given by pencil 18 cm long set parallel 
to strike 

2 - Fragments of three surfaces ·of cross-strata; original dip - 12°. Scale given 
by tlencil, 17 cm l<mg, set parallel to strike 
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1 - StratificaUon in deposits ·of association B. In lower part deposits of associa­
tion A (seen approximately in be section) truncated by main bounding surface. 
Ci{)sowa quarry 

2 - Lens of coarser gr.ains in deposits of association B. Cios·owa quarry 
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1 - Laminated sandstonesof association B, bevelled by giant scoop-like surface 
(indi cated by aI'l'ow). This surface is ovevlain by bundle of cross-laminae 
parallel to it . Quarry Tumlin-Gr6d. Match for scale 

2 - Cross-secti<m of avalanche scour in laminated sandst{mes of association A; 
section is perpendicular to dip of cross-laminae. Ciosowa quarry. Match for 
scale 
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1 - Gently inclined deposits of association B in section oblique to dip. In lower 
part intra sets consisting of laminae with slightly differing directions of dip. 
Ciosowa quarry 

2 - Interfingering deposits of association A (cross-stratified intrasets) with de­
posits of association B. Selected strata chalked fo·r clarity. Detail D of eastern 
wall in quarry Tumlin-Gr6d (see Text-fig. 4). P encil 15 ·cm l'ong for scale 
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1 - Bending 'Of laminae at 'bank ,of eros~onal channel filled with structureless 
sandstone. Detail H of upper wall in quarry Tumlin-Gr6d (see Text-fig. 6 
and PI. 1). Match for scale 

2 - Rotated block of laminated sediment in structureless sandstone filling erosion­
al channel. Quarry Tumlin-Gr6d. Scale in centimetre. 
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Surfa'ce r'elief of lenses of s'tructureless saIIldstones 
1 - Irregular bulbous relief; at lower r,ight def,ormations of laminated sediment 

near struotureless sandstone. Quarry Cios'owa. Box 5 cm long 
2 - Sublinear relief with distributary rill pattern. Quarry Ciosowa. Pencil 15 cm 

long 
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\ 

1 - Mud cracks i 'ormed in very thin mud layer and preserved as prints on 
surface of underlying sandstone. Ciosowa quarry (for location, see PI. 5, 
Fig. 1) 

2 - Wave ripples in deposits of association B. Ciosowa quarry 
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Cf{)ss-sections of wave ripples; deposits 'of ass-ociati()n B, Cios-owa quarry. Scale 
in centimetres 

1 _ Chevron structures; mud lenses preserved in troughs 
2 _ Asymmetrical ripples; cross-laminae inclined in direction opposite to steeper sides of 

ripples. Note horizontal stratification below and above the ripples 
3 _ Wave ripples of complex internal structure. Note marks of erosion in crests and mud 

lenses in troughS 
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CurI.ed mud fla~es 
1 - Bottom view of layer filled wilth curled mud flakes. Sosnowica quar ry. Box 

5 ·cm long 
2 - Laminated sandst<ones of associ.ation B with visible sections of curled mud 

flakes. Note mode of burial ,of f lakes and their minimal thickness. 80sno­
wica quarry. Match f,or scale 
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1 - Margin of ephemeral pond exposed in eastern wall of quarry Tumlin-Gr6d 
(see Text -fig. 4 and PI. 3). At right, surface covered with mud cracks; at 
left and center, two sets of water -level terraces; footprints are on and 
between water-level terraces 

2 - F-ootprints on higher set of water-level terrace. Wrinkle marks are below 
coin. Detail of Fig. 1; diameter of coin 24 mm 
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1 - Grooves formed ,by coarse grains still resting at the endings of the grooves 
(arrowed), .on top of sandstone layer. Ass·ociaUon B, Ciosowa quarry 

2 - Adhes~on warts in laminated sandstone (cross-section). Association B, Sosno­
wica quarry 

3 - Adhesion warts and adhesion ripple (at lower left) in laminated sandstone. 
Association B, Sosnowica quarry 

Scales on Figs 1-3 in centimetres 
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1 - Burrows at surface of sandstone layer. Ass'ociation R , Soonowica quarry . 
Scale in centimetres 

2 - Trace of crawling and radial structure ·of supposedly <lTganic origin. Asso()cia­
Hon B, Sosnowica quarry . Scale in centimetres 
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1 - Relatively rapid change in grain size. Sandstone of a sso'ciation A (thin section 
37), X 16 

2 - Gradual change in grain size. Sandstone of ass{)ciation A (thin section 37), 
X 12 

~l - Lamination in sandstone of ass·ociation A marked additionally by t hin zones 
enriched in clayey-ferruginous mass (thin section 41), X 12 
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1 - Is-olated larger grains in laminated sandstone of a ssociati-on B (thin secti()n 
49), X 12 

2 - Structureless sandstone fillim.g erosional channel ,(thin section 62), X 12 
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Scanning electron micrographs: 1 - Quartz grain, X 325; 2 - Upturned plates 
modified by soluHon and precipitation, X 1950 
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